We describe the design of a device for on -line endpoint monitoring of oxide thickness in silicon wafer etching. The endpoint is sensed by continuous in situ determination the Si0 layer thickness.
Introduction
In chemical etching of silicon wafers during the fabrication of integrated circuits, the wafer, after deposition of a photoresist, is placed in an etching chamber where a liquid or dry etchant is applied.
This etchant removes Si02 from locations not protected by the photoresist, uncovering the underlying Si substrate. In this paper, we are particularly concerned with etching by HF gas.
In general, HF etching times are less than one minute for SiO 2 layer thicknesses of perhaps several thousand angstroms. NH 2F gas may be used as a buffer to decrease the rate of HF -Si0 reaction. The reaction procdss is terminated by pumping the gas out of the etching chamber.
Because HF is a rapidly acting etchant and because of the finite time required to pump out the etchant, it is important to closely monitor the Si02 film thickness in order to avoid over -etching which causes undercutting of the structures of the integrated circuit. Thus, a device which can measure oxide thickness in situ, yielding real -time data, is needed.
A particle detector that monitors the presence of etched particles in the chamber does not monitor film thickness. Its signal goes abruptly to zero when the oxide coating is completely etched off.
It is thus best utilized with slow etching methods.
In thin film measurements, one is most often interested in two parameters of the film, namely its index of refraction and its thickness.
The most wide -spread technique used for obtaining these quantities is ellipsometry.
In Fig. 1 , two common ellipsometric arrangements are shown.
In arrangement A the ellipticity of the light incident on the sample is adjusted via the quarter wave plate such that the reflected light is plane polarized. From the degree of ellipticity of the incident light the film parameters can be calculated. In arrangement B plane polarized light (at 45 w.r.t. plane of incidence) is incident on the sample and the reflected light is elliptically polarized. The degree of ellipticity of the reflected light is determined with a quarter wave plate, which is rotated to a position such that the light transmitted by it becomes plane polarized. In both arrangements, the analyzing polarizer has its optic axis oriented such that it blocks the plane polarized light incident on it. Thus, the sensitivity of null detection can be exploited.
The arrangements of Fig. 1 are not suited to on -line monitoring of Si wafer etching, however.
The main reason is that the film (Si02) thickness changes as the etching progresses. Thus, one would have to continuously change the orientation of the quarter wave plate in the ellipsometer to maintain the null condition in detection. This orientation would have to be matched to the etching speed.
Moreover, the ellipticity of the incident (A) or reflected light (B) in Fig. 1 is not a linear function of the Si02 film thickness. These features of standard ellipsometry are not conducive to continuous monitoring of changing film thicknesses.
In this paper, we describe a modified form of ellipsometry that is suited to continuous on -line film thickness determination.
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Modification of ellipsometry for continuous film thickness monitoring
We consider the plane formed by the incident and specularly reflected light directions for a collimated light beam that is incident on a Si0 film over an Si substrate. If light incident on the sample is modulated such that its electric field vector is alternately transverse (TE) to this plane or parallel to this plane (TM, because then the magnetic field vector is transverse), the reflected light is also alternately polarized TE or TM.
If the incident TE and TM intensities are the same, one finds that the reflected intensity ImE is larger than the reflected intensity ITM for small film thicknesses. The difference between IT and I TM a measure of the SiO 2 layer thickness. The difference between these intensities, normalized to the average intensity, depends on the angle of incidence and the color of the utilized light. These dependences are shown in Figs. 2 and 3 respectively.
For practical reasons (cost and power), air -cooled Ar-lasers are particularly convenient light sources even if the wavelength is not optimal (the shorter the wavelength, the better).
For 488 nm light, the normalized difference (ITE-ITM)/(ITE +ITM) is plotted vs. Só 02 film thickness Ln Fig. 4 , using incidence angles of 60°, 70 and 800.' For 75 incidence, the Brewster angle for Si, which is optimal,the normalized difference becomes 1 at zero SiO 2 film thickness. For large film thicknesses, the normalized difference is periodic as shown in Fig. 5 . The dependence of (ITE -ITM)/(ITE + ITM) on angle of incidence, light color and film thickness can be 
We consider the plane formed by the incident and specularly reflected light directions for a collimated light beam that is incident on a SiCU film over an Si substrate. If light incident on the sample is modulated such that its electric field vector is alternately transverse (TE) to this plane or parallel to this plane (TM, because then the magnetic field vector is transverse), the reflected light is also alternately polarized TE or TM. If the incident TE and TM intensities are the same, one finds that the reflected intensity I is larger than the reflected intensity 1 for small film thicknesses. The is a measure of the SiOp layer thickness. The difference difference "between I and between these intensifies, normalized to the average intensity, depends on the angle of incidence and the color of the utilized light. These dependences are shown in Figs. 2 and 3 respectively.
For practical reasons (cost and power), air-cooled Ar-lasers are particularly convenient light sources even if the wavelength is not optimal (the shorter the wavelength, the better). For 488 nm light, the normalized difference (I -!,-, is plotted vs. SiCU film thickness xn Fig. 4 , using incidence angles of 1-1 J" J~I 60 , 70 and 80°.
For 75 incidence, the Brewster angle for Si, which is optimal,the normalized difference becomes 1 at zero SiO^ film thickness. For large film thicknesses, the normalized difference is periodic as shown in Fig. 5 
TE to TM polarizaton switching
The output of the air -cooled Ar -laser (Spectra Physics Model 162) used in our experiments is vertically polarized.
If the wafer plane is vertically positioned, then the laser polarization is TE. To periodically switch from TE to TM, we first employed an electro -optic modulator (Lasermetrics AF3).
Because of the temperature sensitivity of the modulator's electronics, it proved not sufficiently stable for our purposes. We therefore switched to a rotating half -wave plate to alternate between TE to TM polarization. Stable rotation speed is easily achievable by motors.
There are no other sources of instability since the polarization switching is a matter of optical anisotropy of the material the TE to TM polarizaton switching
The output of the air-cooled Ar-laser (Spectra Physics Model 162) used in our experiments is vertically polarized. If the wafer plane is vertically positioned, then the laser polarization is TE. To periodically switch from TE to TM, we first employed an electro-optic modulator (Lasermetrics AP3). Because of the temperature sensitivity of the modulator's electronics, it proved not sufficiently stable for our purposes. We therefore switched to a rotating half-wave plate to alternate between TE to TM polarization. Stable rotation speed is easily achievable by motors. There are no other sources of instability since the polarization switching is a matter of optical anisotropy of the material the Calculated periodicity of normalized intensity as a function of Si02 film thickness.
half -wave plate is made of.
The half -wave plate switches polarization in the following way.
Consider a material (e.g., crystalline quartz) which has two perpendicular optic axes such that light with polarization (E vector) directed along one of them is transmitted with greater speed than light with polarization along the other. If plane polarized light incident on a plate of such a material (perpendicular to the plane defined by the optic axes) has its E vector along one of the material's optic axes, then the emerging light will have unchanged polarization.
Otherwise, the emerging light will generally be elliptically polarized. For a half -wave plate, E vector polarization at 45°w ith respect to the optic axes, yields a 90° change in the polarization, i.e., TE i TM.
At angles intermediate to 0 or multiples of 45 °, the emerging polarization is elliptical. Since the highest reflectivity of the wafer occurs for TE (for small Si02 film thickness) and the lowest for TM, the rotating half -wave plate switches periodically from the highest to the lowest reflectivity, and this difference determines the Si02 film thickness. A schematic diagram of the on -line etch monitoring design is shown in Fig. 6 .
Because we did not have samples of patterned wafers with known Si0 film thicknesses, we could not. extend our studies of unpatterned wafers to patterned waffers.
However, we carried out measurements on patterned wafers to ensure that reproducible data can be obtained.
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